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Aim: Robotic systems are getting widely spread in recent years given the different technical advantages
over traditional laparoscopy. Rectal surgery seems to beneﬁt from this approach, for its ability to easily
work in a conﬁned space such as the pelvic cavity. The objective is to present results obtained by the
robotic approach in patients with rectal cancer and to give technical considerations. Method: Data were
prospectively collected in order to evaluate surgical and oncological outcomes. Subjects underwent ro-
botic rectal resection in the period between June 2011 and June 2014 at the Department of Digestive
Surgery, “S. Maria” Hospital e Terni (Italy). Main outcome measures: Patient characteristics and tumor,
overall operative time, conversion to open surgery, site of mini-laparotomy for specimen extraction,
intraoperative blood loss, intraoperative complications, time to ﬁrst bowel movement, time-to-liquid and
solid intake, postoperative complications, mortality, hospital stay, thirty-day complications, histopath-
ological examination. Results: 40 consecutive patients underwent robotic resection of the rectum.
Median operative time was 340 min (235e460 min), no procedure was converted. Median hospital stay
was 5 days (3e18 days). Mesorectum resection was complete in all patients. Median number of harvested
lymph nodes was 19 (6e35), median distal resection margin was 4 cm (2e8 cm). Conclusion: Robotic
rectal surgery is safe and feasible in particular by facilitating the surgeon during the delicate phases of
tissue dissection.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.rgery, St. Maria Hospital, Via
Parisi), djdesi85@hotmail.it
), cirocchiroberto@yahoo.it
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by Elsevier Ltd. All rights reserved1. Introduction
Minimally invasive techniques have gradually changed the
surgical approach to the disease of the colon and rectum [1,2].
The results from different studies and randomized trials have
demonstrated the safety and reliability of laparoscopy and onco-
logical advantages over open surgery in terms of operative pa-
rameters and a quicker resumption of daily activities [3]..
Fig. 1. Port position: R1, R2, R3 robotic arms; AS assistant; C camera.
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most technically demanding times for operators due to narrowness
and depth of surgical ﬁeld of action, and in which laparoscopy has
several limitations such as reduced tool movement associated with
the ampliﬁcation of physiological tremor, a two-dimensional vision
closely tied to the coordination and harmony between the ﬁrst
operator and the assistant, an unstable traction, and last but not the
least, the need to form a dedicated team and a long learning curve.
The use of robotic surgical systems in digestive surgery has
spread in recent years, both competing with, and coming to
represent an evolution of laparoscopy [4].
This new approach has attracted a lot of attention in rectal
surgery to the obvious potential of robotic system in overcoming
the problems of conventional laparoscopy and the possibility of
obtaining an improvement in oncological and functional outcomes
[5,6].
The purpose of this study is to present the results obtained by
the robotic approach in patients with rectal cancer treated at our
institute and to bring the robotic technique utilized.
2. Methods
We evaluated patients who underwent robotic resection of the
rectum for cancer at the Department of Digestive Surgery of “S.
Maria” Hospital in Terni (Italy) between June 2011 and June 2014.
Data were prospectively collected in a database and analyzed
retrospectively.
The criteria for inclusion of patients in the studywere older than
18 years old, malignant tumor of the rectum, acceptance of
informed consent.
Exclusion criteria included tumors that cause invasion of adja-
cent organs, perforation or intestinal obstruction, tumors greater
than 8 cm in diameter, patients whose American Society of Anes-
thesiologists score was higher than III.
The practice parameters of the American Society of Colon and
Rectal Surgeons (ASCRS) were followed for the management of
rectal cancer [7].
After being diagnosed by endoscopic biopsy of the lesions, pa-
tients underwent tumor staging using endorectal ultrasound
(ERUS) and MRI for evaluating the local extension of the disease
and the presence of pathological lymph nodes; computed tomog-
raphy was used to assess the presence of distant metastases.
Patients whose tumors have been identiﬁed as extraperitoneal,
staged at cT3-T4 and any cN1, underwent a 5-week neoadjuvant
chemoradiotherapy (NCRT) and subsequent restaging with ERUS
for 30 days after the end of therapy. In these cases, surgery is
scheduled for 6e8 weeks after the end of the NCRT.
The patients were subjected to one of the following: low ante-
rior resection with or without ileostomy and abdominoperineal
resection.
Total mesorectal excision (TME) was performed for those
localized tumors up to 8 cm from the puborectal ring while for
higher lesions a partial mesorectal excision (PME) was carried out.
The robotic system “Da Vinci Si-HD” was used.
All procedures were performed by a senior surgeon (AP) with
extensive experience in laparoscopic surgery and from the begin-
ning of the learning curve of using the robotic system.
The analyzed outcomes include:
- Patient characteristics and tumor
- Overall operative time: from the start of pneumoperitoneum
until suture of all surgical incisions, including robot-docking.
- Conversion to open surgery
- Site of mini-laparotomy for specimen extraction
- Intraoperative blood loss- Intraoperative complications
- Time to ﬁrst bowel movement
- Time-to-liquid and solid intake
- Postoperative complications (from end of surgery until
discharge)
- Mortality
- Hospital stay: starting from the day of the operation till
discharge
- Thirty-day complications (after discharge)
- Specimen dimension
- Number of harvested lymph nodes
The removal of the naso-gastric tube and early oral intake of
liquids and solids was determined according to the conditions of
each patient, considering gastric retention and restarting of bowel
movement.
All patients were scheduled to follow surgical and medical
oncology outpatient follow-up after discharge from the hospital.
Staging according to the American Joint Committee on Cancer
was used to record the pathologic stage of the tumor. The specimen
was sliced at approximately 3- to 5-mm intervals after the meso-
rectal surface had been inked. The lymph nodes were submitted for
microscopic examination. Histopathological examination of the
mesorectal fascia was evaluated according to a standardized pro-
cedure described by Quirke [8].
2.1. Surgical procedure
After induction of general anesthesia, the patient receives a
nasogastric tube and urinary catheter and is placed in a modiﬁed
lithotomy with legs 30e45 apart, in Trendelemburg with a slight
rotation to the right.
The pneumoperitoneum is induced by Veress needle and the
insufﬂator is set to a pressure of 12 mm Hg.
A 12 mm camera port, three 8-mm robotic working ports and
two extra-5 mm and 12 mm ports are placed (Fig. 1).
In particular, the trocar used by the robotic arms are inserted
along a supraumbilical line with downwards concavity.
The ﬁrst part of the intervention is carried out laparoscopically
through an approach that is medial to lateral, including vessel
ligation and colon mobilization.
Fig. 3. Anterior dissection: mesorectum is wholly dissected from the seminal vesicles
in men or from the posterior wall of the vagina in women. The rectum enveloped
within the fascia propria is completely removed in TME. If a PME is performed, the
fascia propria recti is sectioned at a distance of 5 cm below the cancer.
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mesenteric vein on the lower edge of the pancreas. The mesentery
of the left colon is dissected from the lower edge of the inferior
mesenteric vein to the left parietocolic gutter, detaching the Toldt
fascia from the Gerota capsule. The inferior mesenteric artery is
isolated and sectioned between hem-o-lock at its origin. Then it's
performed the paracolic detachment until the release of the left
colic angle.
At this point the robot is positioned and docked introducing the
robotic cart between the patient's legs.
The working arms carry a cautery hook on the ﬁrst robotic arm
and a fenestrated bipolar forceps on the second robotic arm. Also a
double fenestrated grasper is positioned on robotic arm number 3
to help with retraction during part of the dissection.
The assistant remains on the right side using the extra-port for
suctioning and additional retraction of the sigmoid colon/rectum
out of the pelvis.
As shown in Fig. 2, the robotic grasper (Arm no. 3) retracts the
rectum superiorly and anteriorly, thus exposing and entering the
plane between the fascia propria of the rectum and the presacral
fascia. This “holy plane” consists of ﬁne areolar tissue that can be
divided sharply with the cautery hook (Arm no. 1). The inferior
hypogastric nerves and the pelvic nerve plexus are identiﬁed and
preserved.
The posterior dissection is carried out all the way to the pelvic
ﬂoor by dividing Waldeyer's fascia to avoid injuring the presacral
venous plexus.
The dissection is continued laterally. The lateral ligaments are
cauterized and are divided as close to the specimen as possible
without compromising radial margins to avoid injury to the nervi
erigentes. With division of the lateral stalks bilaterally, attention
can be turned to the anterior dissection.
The anterior dissection is reported in Fig. 3. The rectum is
retracted downward with instrument in robotic arm no. 2. In men,
the cautery hook (arm no. 1) incises the peritoneum on the front
edge of the recto-vesical pouch, 1e2 cm above its bottom.
The incision, which is concave toward the back, reaches the
lateral incisions of the peritoneum on either side.
The dissection is then carried out on the anterior surface of
Denonvilliers' fascia, on the rear part of seminal vesicles, and is
driven to the base of the prostate.Fig. 2. Posterior dissection in the plane between the fascia propria of the rectum and
the presacral fascia performed until the level of the levators thus ensuring a total
mesorectal excision.At this level, Denonvilliers' fascia is sectioned from right to left
to reach the rectum, avoiding injuries of the neurovascular bundle
of Walsh.
In women, the robotic grasper on the third arm has to lift the
uterus and the dissection is performed along the surface of the
rectovaginal septum. It is generally easier than in men, due to the
wider pelvis.
The rectum enveloped within the fascia propria recti is
completely removed in TME. In patients who underwent the PME,
the fascia propria recti is incised at a distance of 5 cm below the
tumor.
An intraoperative colonoscopy is always performed to conﬁrm
the correct level where the rectum will sectioned.
In patients who underwent TME, the rectum was transected at
the level of the levators. Endoscopic stapler is inserted through the
12-mm port to transect the rectum.
Then, the robot is undocked and after desufﬂation a mini-
laparotomy is performed for the specimen extraction.
When it's planned to perform a protective ileostomy, a McBur-
ney incision of 4e5 cm is made to the right, otherwise the same
incision is made on the left.
The colon is prepared for the insertion of the anvil of the circular
stapler. A purse string suture is placed and tightened over the
proximal end of the colon, and the colon is returned to the
abdomen. Pneumoperitoneum is re-established after mini-
laparotomy is closed. A circular stapler is used to perform a
transanal intracorporeal anastomosis.
After checking the site of anastomosis and hemostasis, a Jack-
sonePratt drain is placed in the pelvic cavity andmini-incisions are
closed.
In the case of an Abdominoperineal Resection, after the execu-
tion of total mesorectal robotic excision, the proximal sigmoid co-
lon is sectioned using a mechanical stapler followed by the perineal
surgery.
A diamond shaped perianal skin incision is performed with
subsequent dissection of the adipose tissue of the rectal ischium
and levator muscles. After the isolation of the distal rectum from
the prostate gland in men and from the posterior wall of the vagina
in women, the removal of the specimen is completed by the same
surgical incision which is then sutured. The pneumoperitoneum is
re-established to control the hemostasis, the placement of a
drainage and the execution of an end colostomy in the left iliac
fossa.
Table 2
Operative results.
Outcomes
Surgical procedures, n 40
LAR 35
LAR with ileostomy 22
APR 5
Type of mesorectal excision, n
TME 32
PME 8
Overall operative time, min. 340 (235e460)a
Incision for specimen extraction, n
Right McBurney incision 22
Left McBurney incision 13
Perineal incision 5
Intraoperative blood loss, ml 50 (20e250)a
Intraoperative morbidity, n 0
Intraoperative Mortality, n 0
Conversion, n 0
a Values are expressed as median (range).
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40 consecutive patients (19 males, 21 females; median age: 67
years, range 39e86) underwent robotic resection of the rectum. 17
patients received NCRT. The baseline characteristics of the subjects
enrolled in this study are summarized in Table 1. Sphincter saving
mesorectal excision was performed in 35 patients. Among these 27
were TMEs and 8 PMEs. Median operative time was 340 min
(235e460 min), no procedure was converted. The data relating to
surgery are shown in Table 2, while the details of the operative time
of the procedures during the analyzed period are highlighted in
Fig. 4. This shows the reduction of the overall operating time with
increasing experience in the use of the robotic system. In particular,
the comparison between the ﬁrst 20 patients and the last 20 pa-
tients shows a statistically signiﬁcant reduction in operative time
(95% CI ¼ 12.91 to 87.09, P ¼ 0.01).
Median hospital stay was 5 days (range: 3e18 days). Other data
related to hospitalization are summarized in Table 3.
The complication rate observed in the post-operative period
was the 10% (4 cases) including a patient who required re-operation
on the second post-operative day for digestive ﬁstula due to
anastomotic dehiscence. One patient had an episode of rectal
bleeding from the site of anastomosis on the third post-operative
day which stopped spontaneously. Another had febrile peak on
the third post-operative day due to ﬁstula at the anastomosis level
with a very low ﬂow rate, treated with conservative approach.
There was a case of mechanical bowel obstruction resolved by
placement of a nasogastric tube and medical therapy.
Histopathology on the surgical specimen (Table 4) revealed that
mesorectum resection was complete in all patients. Median num-
ber of harvested lymph nodes was 19 (range: 6e35), and the me-
dian distal resection margin was 4 cm (2e8 cm).4. Discussion
Theminimally invasive laparoscopic approach in rectal cancer is
now widely accepted in the world, after randomized trials have
conﬁrmed the safety and the same oncological radicalism as
compared to open surgery [9].
However, it is a procedure that is technically complex and can
only be performed in centers that have gained signiﬁcant experi-
ence. The rigidity of the instruments, the fulcrum effect, the two-
dimensional view, the need for a coordinated and cohesive team
are the limits to the diffusion and reproducibility of this access.
Robotic surgery has revolutionized the way to operate and has
allowed an evolution of traditional laparoscopy allowing us to
overcome the limits of this through a three-dimensional vision,Table 1
Characteristics of enrolled patients.
Characteristics
Sex (male/female), n 19/21
Age (years), 67 (39e86)
BMI (kg/m2) 25.22 (18.36e33.20)
ASA score, n
I 20
II 14
III 6
IV 0
NCRT, n 17
Tumor location, n
Upper rectum 8
Mid-rectum 19
Lower rectum 13
*Values are expressed as median (range).articulated instruments, absence of tremor, which result in greater
dexterity and precision of the movements of dissection [5]. These
are key elements when performing a TME as you have to move into
a space as extremely limited as the pelvic cavity [10].
The use of the robotic system in colorectal surgery, however, has
generated much debate in particular on increasing operating time
due to the need for a phase of robotic docking and viewing angle
that restricts the operative ﬁeld to a single quadrant of the
abdomen for each docking.
So unlike prostate surgery in which the robot was immediately
accepted and had a very wide spread use because the surgery takes
place in a single speciﬁc space, in the ﬁeld of colorectal surgery, the
action extends from the upper quadrants of abdomen to the pelvic
ﬂoor.
This would require the execution of multiple placements and
docking of the robotic system.
Although there are some articles in literature that show the
technique of performing a full-robotic approach [11] for anterior
resection of the rectum and in our center also, we are studying the
possibility of performing this approach, at the time, and also
pending further developments by the same robotic system, it seems
reasonable to adopt a hybrid approach [12]. We are convinced that
we must exploit at any operative time, the best characteristics of
the available instruments. Therefore, laparoscopy allows easier
mobilization of the splenic ﬂexure and ligation of the inferior
mesenteric vessels while the robotic system allows unsurpassed
precision in the TME.
In literature, few studies exist [13e15] on the subject and the
results obtained in our series of patients conﬁrm the ability of the
robotic system to safely get a full and correct mesorectal excision.
It will need to follow patients with a follow-up to determine the
long-term impact of cancer in terms of disease-free survival and
overall survival.
However, it is undisputed that the impact of the robotic system
is signiﬁcantly higher than the traditional laparoscopy on the
quality of life of patients.
In fact, the high precision in dissection of the tissues in the
narrow pelvic space and a three dimensional view, associated with
different levels of magniﬁcation, could reduce the rate of pelvic
nerve injuries and the resulting erectile and urinary dysfunction as
compared to laparoscopic and open approach in particular in NCRT
receiving patients.
Regarding the learning curve, several authors report that is
extremely short even for surgeons with little experience in
laparoscopy.
Fig. 4. Overall operative time analysis. The blue line indicates the operative time achieved in all procedures, showing a signiﬁcant time decrease (P ¼ 0.001) between the ﬁrst and
the second half of patients. The red line is a logarithmic curve in order to simplify the graphical view of the temporal course. The line shows the surgeon moved from a value above
450 min to a value below the threshold of 300 min at the end of the observation period of the study, as result of the learning period. (For interpretation of the references to color in
this ﬁgure legend, the reader is referred to the web version of this article.)
Table 4
Histopathological data.
Outcomes
Specimen length, cm 19.5 (11.5e46)a
Diameter of the tumor, cm 3.5 (0e7.5)a
Distal margin, cm 4.0 (2e8)a
Proximal margin, cm 11.85 (6.5e39)a
Number of harvested lymph nodes, n 19 (6e35)a
Evaluation of mesorectal fascia
Complete 32 (100%)
Near complete 0
Incomplete 0
TNM staging, n
Stage 0 2 (5%)
Stage I 10 (25%)
Stage IIA 9 (22.5%)
Stage IIB 0
Stage IIC 0
Stage IIIA 8 (20%)
Stage IIIB 11 (27.5%)
Stage IIIC 0
Stage IV 0
a Values are expressed as median (range).
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we agree with the reports by Karahasanoglu [16], as a robot-
assisted rectal resection may be safe and feasible only in centers
with experience in laparoscopic surgery because of the need to
integrate the two methods.
One of the major points of debate concerns the operative time.
However, the data available in the literature are not in agreement
and a recent meta-analysis [17] showed no statistically signiﬁcant
differences in terms of operative time (P ¼ 0.20) between the
laparoscopic and robotic group.
Our experience shows a gradual improvement over the period
analyzed, and we believe that greater speed of execution of robotic
docking, could decrease even more, bringing the total operative
time of hybrid approach, even below that of traditional laparos-
copy, with view of facilitating the execution of the TME.
A further element of discussion is the cost of robotic in-
struments. Undoubtedly these are still high and not all hospitals
can sustain the economic impact of the acquisition and mainte-
nance of the robotic system.
However, in our Institute, a project was created and allocated its
annual budget.
The ﬁxed costs of maintenance are depreciated by the high
number of robotic procedures involving urological surgery and all
areas of digestive surgery including bariatric surgery that are per-
formed in our Institute.
In the case of robot-assisted procedure for anterior resection of
the rectum using the technique described, the total costs of theTable 3
Clinical outcomes during hospitalization and complications.
Outcomes
Time to peristalsis, days 1 (1e3)a
Time to resume liquid diet, days 1 (1e5)a
Time to resume solid intake, days 2 (2e6)a
Length of hospital stay, days 5 (3e18)a
Postoperative 30-day complications, n 4
Reoperations, n 1
30-day mortality, n 0
a Values are expressed as median (range).robotic instruments amounted to V 2399.35/intervention þ VAT
according to the details provided in Table 5.
We believe that further studies should be performed on the
economic analysis that takes into account not only the costs of the
intervention but also those of the immediate post-operative period
to comprehensively assess whether the increased spending relatedTable 5
Robotic accessories used in rectal surgery and costs (unit/instrument life without
VAT).
Accessories Price (unit/life) V
Disposable sheaths, trocar caps 671,48
Bipolar fenestrated forceps 697,86
Double fenestrated grasper 515
Permanent cautery hook 515
Total 2399.34
A. Parisi et al. / International Journal of Surgery 12 (2014) 1456e1461 1461to the use of the robotic system is compensated by a shorter hos-
pital stay and fewer complications than other surgical approaches.
In conclusion the use of the robotic system is feasible and safe in
rectal surgery and particularly suitable for the execution of a pre-
cise mesorectal excision facilitating the surgical dissection.
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